In order to understand trophic status of lake Phewa, largest lake (535 ha) in Pokhara valley, seasonal pattern of zooplanktons, chlorophyll a and nutrients level in water column was examined from January to December 2005. Total zooplanktons density was highest in January and November, showed bimodal pattern in Lake Phewa. The sequence of dominant species of zooplankton was Nauplius > Kerratella > Cyclops > Daphnia > Eodiaptomus in this lake. Correlation between zooplankton species and nutrients level was established. The Chlorophyll-a as an indicator of phytoplankton biomass peaks in November and chlorophyll-a concentration was found lower in winter months. The NH 4 -N ranged between zero to 0.021 mg/l with mean of 0.003 mg/l. The annual concentration of nitrate+nitrite (NO 3 +NO 2 ) was found upto 0.148 mg/l (mean= 0.013 mg/l), soluble reactive phosphate (PO 4 -P) ranged from zero to 0.003 mg/l (mean= 0.001 mg/l), and total phosphorous ranged upto 0.052 mg/l (mean= 0.009 mg/l) in lake Phewa in 2005. Based on nutrients and chlorophyll-a dynamics, the lake varied from mesotrophic to eutrophic in different seasons. The Phewa Lake fluctuated from oligo-mesotrophic in monsoon seasons to meso-eutrophic in dry periods.
INTRODUCTION
Phewa lake (742 masl) is the biggest lake in Pokhara valley. The lake water is used mainly for irrigation, drinking, recreation as well as fish culture. Total fish production in Phewa lake reached about 98 m in 2001 contributing up to 219 kg.ha -1 y -1 (Gurung et al. 2005) . There are 23 native fish reported in Phewa lake. The fishery in Phewa lake is comprised of exotic and indigenous fishes with substantial contribution of the former (Wagle and Bista 1999) .
Zooplanktons are minute organisms which float in the water surface along with water current.
They occupy an intermediate position in the food
web. The importance of zooplanktons as fish food both for adults and fry has been stressed by different workers (Fontaine and Revera 1986 and Geiger 1983) . The presence and dominance of zooplankton species play very significant role in the functioning of fresh water ecosystems. The seasonal changes in zooplankton species are closely related to the physico-chemical and biological regime of the aquatic environments.
Species of Rotifer and Cladocerans are suggested as indicators that can be used to identify different physical and chemical gradients or eutrophic increases in reservoirs (Branco et al. 2002) . The relation of zooplanktons to phytoplanktons and other physical and chemical gradients are well described. So seasonal variation of zooplanktons may be a key factor to understand the lake ecosystem. A considerable number of studies have been done on zooplanktons dynamics in lakes of Pokhara valley (Ferrro 1983 , Bayne et al. 1992 , Mulmi and Rai 1988 , Rai 2000 . However, the relation between nutrient dynamics and abundance of zooplanktons has not been studied in Phewa lake. Therefore, this paper deals with spatial and temporal distribution of nutrients and zooplankton in Phewa lake. The relation between nutrients and secondary trophic level in the lake and their significance for the lake ecosystem management is also discussed.
STUDY AREA
Lake Phewa watershed is located in southwest of Pokhara valley, Nepal. The surface area, water volume, maximum and average depth of the lake are 5.23 km 2 , 39.32 × 10 6 t, 24 m and 7.5 m, respectively. Harpan khola flowing from the west to east is the main perennial stream to the lake and sometimes water flows from a canal of Seti river but not enough to fill up the lake. The rain water is the main source. For the present study, northwestern shore (Khapaudi) of the lake was selected for water and zooplankton sampling. Cage fish culture is the main activity in inshore water and fisher community settled along the basin of this site. Lorenzen (1977) . The SRP concentration was estimated by the methods described by Murphy and Riley (1962) . Nitrate and nitrite concentration was estimated by the method described by Downes (1978) . The ammonium concentration was estimated by the methods described by Bower and Hansen (1980) . manual of water quality analysis by Masuda and Pradhan (1988) .
MATERIALS AND METHODS

Water
RESULTS
The annual range of water quality parameters are presented in Table 1 . The transparency from March to November was inconsistent however, after November visibility increased consistently through out the winter. The mean transparency during the study period was 2.6 m. The highest transparency recorded in March was 3.8 m and lowest was 1.7 m in November.
Comparing the two layers, the dissolved oxygen was always higher at the surface layer. The highest variations between two layers were observed from March to November during the lake stratification periods. The lowest dissolved oxygen (DO) in upper layer was 4.7 mg/l in November, while highest was 9.5 mg/l in February, in the bottom layer the minimum reached to 0.1mg/l in May and maximum was 8.8 mg/l in February. Well oxygenated bottom was recorded with onset of winter from December to February. After February the dissolved oxygen in the upper layer declined gradually till July and fluctuate from August to January. It was December when both layers had equal value of dissolved oxygen.
The pH value was higher in upper layer and almost closest value found from December to February at both layers.
The Chlorophyll-a peak was found in November at both layers of water column. The highest concentration in upper layer was 70.4 mg/m 3 and that of bottom layer was 30.0 mg/m 3 in
November.
The lowest Chlorophyll-a concentration at upper layer was 2.3 mg/m 3 in July and in bottom layer it was 1.1 mg/m 3 in January.
The upper layer has higher concentration of Chlorophyll-a from January-May. The concentrations of Chlorophyll a were higher in both layers from April-June and SeptemberNovember. The average of both layers showed lower concentration of chlorophyll a during June to September.
Comparing both layers, bottom layer had higher concentration of ammonium (NH 4 -N). It was January when peak of ammonium was found in both layers. Upper layer concentration was 0.019 mg/l and bottom layer was 0.014 mg/l .The variation of concentration of ammonium was observed from March to October when the lake is stratified. In April and September the concentration of Ammonium was negligible.
The maximum concentration of nitrite + nitrate was 0.115 mg/l in upper layer and 0.066 mg/l in bottom layer in February. The concentrations of nitrite + nitrate fluctuate during the lake stratification period from March to September and remain consistent from October to January.
In general higher concentration of soluble reactive phosphorus (SRP) was observed in bottom layer of lake column. The upper layer had higher concentration of SRP from November to December and bottom layer had higher concentration of SRP during January to October.
Concentration of total phosphorus (TP) was higher in bottom layer of lake from March to
October when lake is stratified. In upper layer, higher concentration of TP was found in JanuaryFebruary and in November. In December, when holomixing of water column in lake takes place, same amount of TP concentration occurs in both layers. The peak of total phosphorus concentration was observed in January at upper layer (0.021 mg/l) and at bottom layer highest concentration was found in March (0.037 mg/l) The lowest concentration of TP was in both layers in August.
Seasonal abundance of dominant zooplankton species is presented in Table 2 . Twenty species of zooplanktons were recorded throughout the study periods, out of which 10 species were from class Rotifer, 6 species from class Cladocera and 4 species belong to class Copepods. The annual mean percentage composition of classes were: Rotifer 27%, Cladocera 4% and Copepodes 68%. Class Copepods dominate in Phewa lake followed by Rotifer and Cladocerans. The sequence of dominant species was Nauplius > Kerratella
Total zooplanktons density attained peak in January (831 individuals/l) and November (832 individuals/l) showing bimodal pattern in lake Phewa (Fig. 1) . The zooplanktons density declines after March till June reaching to their lowest density and consistent from July to September and increased from October to January. The upper layer of lake Column had higher number of zooplanktons density from April to October when lake is stratified, and bottom layer had higher density of zooplanktons from November to March. The class Rotifer attained their highest density in November and lowest density in July. The class Cladocera attained highest density in January and lowest density in May. The class Copepods attained highest density in March and lowest in May. The seasonal change in zooplankton species was closely related to the physico-chemical and biological regime of the aquatic environments
DISCUSSION
Total zooplankton density peak showed bimodal pattern in lake phewa. The density of zooplanktons declined in June once through out the year. Vassiht and Sharma (1975) , Gophen (1972) , and Wangaeno (1980) reported bimodal pattern of zooplanktons peak in freshwaters. The lower density of zooplanktons during the spring to summer coincides to Plankton Ecology Group model (Sommer et al. 1986 ) cited by Bronmark and Hanssen (1998) . The reason stated PEG model that in summer herbivorous zooplanktons face food limitation and fish predation increases due to higher temperature and development of young fish, leading to a reduction in size and abundance of zooplanktons.
Transparency was low in November, associated with blooms of phytoplanktons. Similar to Rai (2000) , the dominance of Ceratium hirrudenela and Peridinium species was observed in Phewa lake during November. The decline of chl-a in March is explained by PEG model, Sommer et al. (1986) showed that in spring, grazing rate exceeds phytoplankton's production rate, leading to a reduction in algal biomass. The chl-a amount depends upon the phytoplanktons available but directly affected with rainfall and water flush out.
The chlorophyll-a concentration was low in winter months (December to January). Despite of lengthy photoperiod and summer irradiation, chlorophyll-a concentration was lower during the summer monsoon. This evidently suggests the flushing of lake water or dilution by strong rain water, preventing phytoplankton's growth density.
Bottom Layer showed higher concentration of ammonium than upper layer might be due to low level of oxygen in bottom layer.
Species of Rotifer and Cladocerans are suggested as indicator that can be used to identify different physical and chemical gradients in reservoirs (Branco et al. 2002) . The relation of zooplanktons to phytoplanktons and other physical and chemical gradients are well described.
TROPHIC CONDITION OF LAKE
Several studies have revealed the mesotrophic status of lake Phewa (Ferro 1980 , Fleming 1981 , Nakanishi et al. 1998 , Davis et al. 1998 . Presently, lake is facing severe environmental problems as a result of nutrient loading from agriculture, landslides, and rapid urbanization in the surrounding areas. Recent trends indicate rapid eutrophication (Oli 1997 , Rai 2000 . However, the lake is seasonally oligotrophic due to heavy rainfall in its wider catchment area (Rai 2000) . In the present study lake varied to oligo-eutrophic condition. In the monsoon periods, the concentrations of ammonium, Chlorophyll a and zooplanktons were low. It suggests oligotrophic to mesotrophic condition of lake. While other months showed mesotrophic to eutrophic condition of lake.
According to the classification of Wetcel (1983), Chlorophyll-a concentrations of Phewa Lake range 0-99.1 mg/m 3 with average 13.5 mg/m 3 is under eutrophic. Phewa lake transparency range 1.7-3.8 m with average value 2.6 m is under mesotrophic to eutrophic. Phewa lake T.P. concentrations range 0.000-52 µg/l and average 6 µg/l is under oligotrophic to mesotrophic.
According to Mackie et al. 2000 , Mackie 2004 , total phosphorus range, Chlorophyll-a range and Secchidisc depth range (Table 1) indicate Phewa lake as oligo-eutrophic, eutrophic and meso-eutrophic, respectively. According to Bronmark and Hansson (1998) , the pattern of zooplanktons represents the eutrophic condition of lake.
